Abstract
10
Background 11
The thickness and composition of the surface liquid lining the human lungs are maintained by 12 a balance between epithelial secretion and absorption of ions and water. An understanding of 13 epithelial transport pathways and the factors that regulate them will provide insight into the 14 development of conditions such as lung edema and guide the development of treatment 15 modalities. Here we report on the development and characterisation of a cell culture model of 16 the alveolar epithelium that will be useful for investigating the components of epithelial 17 transport pathways and interpreting molecular mechanisms involved in transport related 18 diseases. 19 20
Methods 21
An in vitro cell culture model was developed using human alveolar epithelial cell lines NCI-22 H441 and A549 cultured with the apical surface exposed to air (air-medium) or covered by 23 nutrient medium (medium-medium). Cell monolayer was presented by visualizing cell 24 morphology under microscope. Transepithelial electrical resistance, potential difference and 25 fluorescence permeability measurements were used to assess the formation of a polarised 26 epithelium with functional barrier properties. Expression of tight junction, adherens junction 27 and ion/water transport proteins were examined by Western blot and RT-PCR. 28 29
Results

30
NCI-H441 cells cultured under air-medium conditions exhibited electrical resistance (258 ±  31 28 Ω• cm 2 ), potential difference (4.8± 0.1 mV) and strong expression of α 1 -Na + -K + -ATPase 32 and tight junction protein ZO-1 consistent with the formation of a polarised epithelium. These 33 cultures also expressed the chloride channel CFTR and all four subunits of the sodium 34 channel ENaC. Cells cultured under medium-medium conditions had a 4-fold higher 35 electrical resistance (1009 ± 15 Ω• cm 2 ), but similar level of potential difference (4.9 ± 0.2 36 mV) and weaker expression of α 1 -Na + -K + -ATPase and ZO-1. The A549 cell line developed 37 low levels of electrical resistance and potential difference and did not express ZO-1. No 38 significant difference in CFTR and ENaC transport protein expression was observed between 39 the cell lines or culture conditions. 40 41 Conclusion 42
The NCI-H441 cell line cultured under air-medium conditions develops into a polarised 43 epithelium with functional barrier properties and expresses transport proteins for sodium and 44 chloride transport. Hence it can serve as a suitable model for investigating water and ion 45 transport in the alveolar epithelium. 46 47
Introduction
65
The alveolar surface, which comprises more than 99% of the internal surface area of human 66 lungs, is lined by a continuous epithelium that forms a barrier between the organism and the 67 outside world (Hollenhorst, Richter & Fronius, 2011) . The alveolar epithelium is protected by 68 a surfactant lining fluid, which is essential for maintaining efficient gas exchange, surfactant 69 homeostasis, and defense against inhaled toxins and pathogens (Bove et clinical situation, but they are costly and can only be maintained in vitro for a few days. To 108 the best of our knowledge, a single report has been published using primary human alveolar 109 epithelial cells to study ion and water transport (Bove et al., 2010) . Therefore, respiratory 110 epithelial cell lines are used extensively as representative models because the experimental 111 conditions are more reproducible and easier to control (Mathias, Yamashita & Lee, 1996) . 
Permeability study 177
Flu-Na (MW = 367 Da) was used to assess paracellular transport as a measure of barrier 178 integrity. Cells were cultured on the transwell inserts under AMC, HMC or MMC conditions 179 till they reached the maximum resistance. To ensure that the integrity of the monolayer was 180 maintained during the course of the experiment, TEER was measured before and after these 181 studies. Before each experiment the culture medium was removed from each compartment 182 and the monolayer was washed twice with warm HBSS (37°C). In the basolateral 183 compartment, 1.5 ml of pre-warmed HBSS was placed and the cells were returned to the 184 incubator at 37°C for 30 minutes to equilibrate. To the apical compartment, 0.5 ml of 10 µM 185 flu-Na solution was added. Samples of 0.1 ml were taken from the basal compartment of each 186 well over 2 hours, with each volume being replaced with equal amount of fresh warm HBSS. 187
The fluorescence of flu-Na was measured in black, 96-well plates using a fluorescence plate 188 reader (Fluoroskan Ascent FL, Thermo Scientific, USA), using excitation and emission 189 wavelengths of 485 and 520 nm respectively. Permeability coefficients P app were calculated 190 
Effect of inhibitors on the ion transport 305
Inhibitors were used to determine the role of Na + and Cl − channels in ion transport in H441 306 cells. TEPD was decreased to 10.75% after treated by 10 μM amiloride, which suggested that 307 the sodium absorption by ENaC was responsible for most of the TEPD (Figure. 5A ). This is 308 similar to what the Boucher group found in the primary human cells (Bove et al., 2010) . In 309 the meantime, treatment with 1 mM ouabain could decrease the TEPD to 71.89% ( Figure. 310 5B). As for the Cl -channels, 10 μM CFTR inhibitor could increase the TEPD by 38.27%, i.e. 311 the apical surface became more negative (Figure. 5C ). This indicates that CFTR is absorbing 312 Cl -at baseline. In contrast, the Boucher group found that CFTR secretes Cl -in the primary 313 human cells at baseline (Bove et al., 2010) . We found other Cl -channels were expressed at 314 mRNA level in the H441 cells under AMC conditions (data not shown), so a broad spectrum 315
Cl
-channel inhibitor NPPB (10 μM) was used to see if they contributed to Cl -transport. In 316 this case, TEPD was increased by 25% ( Figure. 5D ). This indicated that other Cl -channels 317 might secrete Cl lower than the AMC group) and TEPD (much lower than both AMC and MMC groups). 368
Interestingly, the permeability of HMC group showed similar lever to MMC group, which is 369 much lower than the AMC group. Generally speaking, cell monolayer with lower 370 transepithelial resistance, which means it is leaky, has higher permeability coefficients. The 371 relation of low TEER and low permeability and the underlying mechanism appeared in the 372 HMC group needs to be further investigated. 
